Two demand pacemakers were observed to repeatedly fibrillate the heart dttring clinical surgery employing diathermy. ~Marked hypotension associated with a rapid, irregular ventricular action was observed in another patient who had a fixed rate pacemaker implanted. Pacemakers were tested with function generators over a range of frequencies and some increased their rate to between 200-600 impulses/min. Animal experiments confirmed that, contrary to manufacturers advice, surgical diathermy produces myocardial fibrillation in the presence of some pacemakers. Mechanisms of these effects and their clinical significance are discussed.
INTRODUCTION
Some early cardiac pacemakers were extremely sensitive to interference from radio frequency sources. Later models were thought to be less sensitive to interference, and surgical diathermy has been used in patients who had cardiac pacemakers implanted, provided the active tip of the diathermy was not in close proximity to either the pacemaker or its lead. Telectronics, in their manual, stipUlated that diathermy should not be used within 8 cm of either.
Case 1
A seventy-one year old man with a history of syncopal episodes for six months, who, on clinical evaluation and catheter study, showed severe calcific aortic stenosis, was admitted for aortic valve replacement. Preoperative electrocardiogram showed sinus rhythm, right bundle branch block and left axis deviation.
OPerative procedure
A cannula was placed in the left radial artery, a median sternotomy incision performed, and the ascending aorta cannulated. Cardiopulmonary bypass was commenced and the patient cooled to 33°C. The left coronary artery was cannulated (the right was congenitally absent) and perfused with good flow. Intense calcification of valve and annulus was found, and during preparation of the annulus the rhythm of the heart was seen to change from sinus rhythm to complete heart block. Temporary epicardial pacemaker leads were attached to an external pacemaker, prior to coming off cardiopulmonary bypass. Ten minutes later, the patient reverted to a nodal rhythm with a rate of 76 beats per minute, and the external pacemaker was disconnected. A permanent epicardial wire was attached to the front of the heart, and led down to the left hypochondrium, where a pocket was formed lateral to the rectus. This was attached to a Telectronics PlO QRS inhibited demand pacemaker. Following connection of this, no change was seen in the inherent nodal rhythm. The heart rate remai~ed at 76 beats per minute. It was then noted that whenever diathermy was used, the mean arterial pressure dropped from 85 to 35 mm Hg and the arterial pressure tracing indicated that there was no significant cardiac output ( Figure 1 ). Direct inspection of the heart revealed a fast irregular activity similar to the appearance of ventricular fibrillation. Diathermy was used along the edge of the sternal split, and the distance between the diathermy point and the nearest part of the epicardial lead varied between 8 and 25 cm, and that between the diathermy point and the pacemaker varied between 16 and 33 cm. Some twenty short bursts of diathermy were used, each resulting in instant cessation of effective cardiacoutput, as judged by the arterial pressure trace.
Usually, at tIle cessation of diathermy, the heart resumed its own inherent nodal rl1vthm, but on two separate occasions the heart renlained in ventricular tachycardia and ventricular fibrillation respectively, both requiring defibrillation. It was then decided to remoYE' the pacemaker from its pocket and, with the lead still connected, place the pacemaker on a dry swab to isolate the neutral electrode. This produced no change in rate or rhythm, and diathermy did not now affect the heart. The pacemaker was later exchanged for an identical model; again diathermy produced cessation of cardiac output as judged by the arterial pressure tracing.
The diathernn~ machine used was a Bovip model CS\,-X ai-Id the setting was cutting 10, coagulation -HI. The dispersive blade was attached to the left thigh. Case 2 A fifty-eight year old man had an infected Telectronics PH fixed rate pacemaker replaced. An anterior left thoracotomy was performed to insert an intramyocardial lead. When the pericardium was opened and the heart exposed. and diathermy was used in the wound approximately -10 cm from the old transvenous lead, the heart was seen to go into ventricular tachycardia. The heart returned to its normal rhythm once diathermy was ceased. The radial pulse was monitored digitally and noted to disappear while diathermy was in use.
LABORATORY BENCH TESTS
Preliminary laboratory tests using a l\Iini-Lab 603 function generator showed that Telectronics pacemakers models PS, PH and 1'10 could be made to increase their rate from 70 to 200-600 impulses'min if a 0·5 or 1 :'IIHz signal of amplitude 1·5\' peak to peak was applied to the output terminals. Elema-Schonander models El\fl52 , E:\fl53 , El\I158 were tested to the output limits of the instrument (H" peak to peak) and no malfunction was ohserved. All pacemakers \vere then retested on a I.E.C. modd F5I Function Generator; a more powerful instrument. Again the Telectronics pacemakers models PS, PH and PLO were seen to speed up at frequencies of 0·5-5 :\IHz with a level of 1· 5V peak to peak. The Elema-Schonander fixed rate model (El\IUi2B) was tested at Cl range of fre(luencies between 0·5 and .5 l\1Hz. At 11· 6V peak to peak the pacing impUlse was suppressed. The ORS svnchronous Elema-Schonander model (E:\I1~);3B) ~ when tested under identical conditions, first produced an erratic triggering to its maximum s\'nchronous rate of 135 impulses/m in at 6V -peak to peak. At lSV peak to peak suppression of pacing occurred. The ORS inhibited Elema-Schonander model (E:\ll ,:;-,s) again tested between 0·5 and 5 ::\1 Hz functioned normally up to an applied potential difference of 25V peak to peak, when its pacing impulse was suppressed. FIGURE :!.-Arterial pressure tracing from the femoral artery of a shccp_ ."nows indicate duration of diathcrmy_ lJirect inspt'ction of thc heart showed a fast irregular rhythm similar to ventricular fi1.Jrillation. This did rc\-ert to sinus rhythm as soon as diathermy was stopped in most, but not all instances. \Ye will call this paccmaker induced \~entricular fi1.Jrillatioll-likt' statc 'VF'_ .\t these levels of radiofrequency interference the pacemaker output circuitry of all pacemakers tested, functioning or non-functioning, produced a direct current due to the rectification of the applied radiofrequencv signal. This is of the order of se\~E'ral milliamps ; which in itself could cause ventricular fibrillation, as was demonstrated with non-functioning Telectronics and Elema-Schonander pacemakers in animal experiments.
A:,\Il\1AL EXPERIl\IE:,\TS Four sheep weighing between 32 and 36 kg were anaesthetized with thiopentone 225 mg and nntilated with a mixture of halothane · . Fixed rate 1 These non-functioning pacemakers (bat-5 teries exhausted or disconnected) were tested: Telectronics P8, P9 ; Elema-Schonandcr EM152, 153, 158 0,75-1,0 per cent in oxygen. Muscle relaxation was maintained with tubocurarine. A median sternotomy was performed and a pacemaker wire implanted in the anterior surface of the right ventricle. The pacemakers were implanted in the anterior abdominal wall 6 cm below the left costal margin. The left femoral artery was cannulated and blood pressure recorded continuously. The diathermy dispersive plate was attached to the right hind limb of the animal. ECG electrodes were attached to the limbs of the animal. The heart rate of the sheep varied between 110-160 beats/min and they were not dependent on pacemaker function. The effect of cutting and coagulating currents of three different diathermy units was assessed and the closest point at which a ventricular fibrillation-like state (" VF") could be induced was recorded (Figure 2 ). The following diathermy units were used III these tests:
(1) Bovie CSV-X, Setting: The connection of an oscilloscope to the output terminals of a pacemaker in some instances changed the sensitivity of the system, and introduced an error. This limited observations to heart movements and arterial pressure tracings. However, we did retest one Tclectronics P9 and one Elema-Schonancler E:\[lr;2 with an oscilloscope attached. The Telectronics pg increased its rate from 70 to approximately ;")00 impulses/min when coagulation diathermy was used on the lower abdomen :~o cm from the pacemaker (Figure iJ) .
Coagulation currents did not affect the function of the fixed rate Elema-Schonander (El\1152) however close to lead or pacemaker. Cutting diathermy suppressed the pacing impulse if used within H cm of the pacemaker FIGURE 3.-Shading indicates area ovcr which diathermy could induce ,"entricular fibrillation with Te\cctrOl{ics 1'8, PH, PI () paccmakers. \\"ith the Telectronics I'X:! external pacemaker ,"entricular fibrillation could be induced bv switching the diathermy on, withont the acti,"c c"lectroc1e touching the animal. followed almost immediately by" \iF ". \Vhen repeated without the oscilloscope, cutting diathermy applied within 10 cm of the Elema-ScllOnander (E:\Il52) suppressed the pacing imp,ulse as judged by the cessation of competitive pacmg.
DrSCeSS[ON
Both laboratorv bench tests and animal experiments indi~ate that there are two mechanisms by which pacemakers can cause " VF " if diathermy is used.
(a) Increase in pacemaker rate~rates between :WO-6()O impulses/min have been observed. This occurs with Tclectronics PH, P9, P10 and the Telectronics PX2 external pacemaker.
FIGl:RE 4.-"Shading indicates area ovcr which diathermy could induce ventricular fibrillation with E1ema-ScllOnanc1er E:\Il5:!, E:\I\ ;"53, E;\1158, Devices E72:2, and Tc1ectronics l40D pacemakers. \\"ith the Telcctrollics 1:20 pacemaker diathermy, applied anywhere on the animal, did not induce ventricular . fibrillation.
Anaesthesia and Intensive Care, Vol. Ill, 1'v'0. 4, November, 1975 (b) A direct current is produced by the pacemaker circuitry, due to the rectification of the applied radio frequency signal, which is capable of fibrillating the heart. This probably occurs with all pacemakers if a sufficiently strong radio-frequency signal is applied. It is independent of the pacemaker's own power supply. This was demonstrated with the Elema-Schonander range where three non-functioning units (battery wire drilled off) gave the same results as their functioning equivalents. Units which are not shielded by a metal case (EM152, EM153) are more susceptible to this. This mechanism also occurred with the nonfunctioning T electronic pacemakers tested. Strikingly different results were obtained from functioning as opposed to non-functioning Telectronic pacemakers P8, P9 and PlO in the animal experiments. These findings suggest two mechanisms.
The first mechanism, increase in the pacemaker rate, was induced by both cutting and coagulating currents applied anywhere except in the limb distal to the diathermy plate.
The second mechanism involves rectified radio frequency currents induced in sufficient strength to fibrillate the heart only by cutting diathermy used in close proximity to the pacemaker. This is unlikely to occur in a clinical situation unless electrosurgery is used to remove a pacemaker.
Pacing impulses were suppressed in the Elema-Schonander pacemakers when these were bench tested at a radiofrequency signal level approximately 10 times that needed to produce a " runaway" condition in the Telectronic P8, P9 and PlO models. This is in agreement with the observations made in the animal experiments, when competitive pacing by the Elema-Schonander fixed rate (EM152) pacemaker ceased, if cutting was performed within 10 cm of the pacemaker.
The new generation of Telectronic pacemakers, models 120 and l40B, were tested in the animal experiments only. These were new units, about to be implanted in patients, and for this reason we did not subject them to laboratory tests on function generators.
Of all the units tested, these new Telectronics models proved to be the least susceptible to diathermy. With model 140B, "VF" could only be induced if cutting was used within 1 cm of the pacemaker, and with model 120 " VF " could not be induced at all.
A review of the literature revealed that radiofrequency interference was not an uncommon problem with some of the early pacemakers. Lichter, Borrie and Miller (1965) described some cases in which some early model Elema-Schonander and LM.E. pacemakers caused ventricular fibrillation during diathermy. They attributed this to the high frequency signal altering the time constant of the oscillating circuit; speeding it up. He could induce ventricular fibrillation by merely switching on a diathermy machine and holding the active lead 80 cm from the pacemaker wire but without actual contact. He also conducted experiments on sheep in which he tested other high frequency sources and found that short-wave diathermy, ultra-violet light machines, neon advertising signs, close proximity to commercial broadcasting equipment could also speed up these pacemaker units fast enough to cause ventricular fibrillation. He described and tested a pacemaker oscillating circuit unaffected by radiofrequency signals.
Wajszczuk, Mowry and Dugan (1969) described a case of deactivation of a Medtronic demand pacemaker by a Bovie cutting current during a transurethral prostatic resection. It is, however, unclear from this evidence as to whether the heart was in asystole or in a rapid ventricular response during diathermy. Fein (1967) described three cases in which transurethral electrosurgery procedures were carried out in patients who had variable rate Medtronic pacemakers implanted. He found no pacemaker interference. He stresses good grounding of all medical electronic equipment and the keeping of the electrosurgery circuit below the pacemaker by low placement of the electrosurgery groundplate.
Fink, Frank and Zoll (J 969) discuss their experience in anaesthesia in relation to permanently implanted pacemakers. Electrosurgery did not interfere with the performance of their fixed rate pacemakers (1\Iedtronics). Hunyor et al. (1971) tested the effect of various high frequency apparatus and domestic appliances on three patients with implanted P6 Telectronics ventricular synchronized pacemakers. Thev found that shortwave diathermy triggered off -these units to 136 impulses per minute which was their specified maximum triggered rate. Surgical diathermy was not tested.
Scott (197"0) reviewed the literature on diathermy and pacemakers and concludes that, as a general rule, many, but not all, fixed rate pacemakers are highly resistant to external interference whilst demand pacemakers, by nature of their most sensitive circuits, are more prone to interference.
CONCLT:SION 1. Pacemakers can induce ventricular fibrillation by two mechanisms:
(a) Increase in pacemaker rate-this is the much more sensitive and clinically important mechanism. It was demonstrated with Telectronics PS, PH, PlO and PX2 external pacemaker. (b) Direct current induced in the pacemaker circuitry by the radio-frequency signal. This is clinically less important. \' entricular fibrillation could only he induced bv cutting currents used in" clo:-;e proximity" to the pacemaker. It is independent of the pacemaker's own power supply and was demonstrated in all the units tested except the Telectronics model ]20.
2. Surgical diathermy should not be used in patients with Telectronics 1'8, P9, 1'10 and PX2 pacemakers. The other current model pacemakers (including Telectronics 120 and 140B) tested permit the use of diathermy provided that the active electrode is a safe distance from the pacemaker and/or its lead.
